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A process control system includes economic models disposed 
in communication with process control modules, as well as 
with sources of economic data, such as cost, throughput and 
pro?t data, and uses the economic models to determine useful 
economic parameters or information associated with the 
actual operation of the process plant at the time the plant is 
operating. The economic models can be used to provide 
?nancial statistics such as pro?tability, cost of manufactured 
product, etc. in real time based on the actual current operating 
state of the process and the business data associated with the 
?nished product, raw materials, etc. These ?nancial statistics 
can be used to drive alarms and alerts within the process 
network and be used as inputs to process plant optimizers, etc. 
to provide for better or more optimal control of the process 
and to provide a better understanding of the conditions which 
lead to maximum pro?tability of the plant. 
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ECONOMIC CALCULATIONS IN PROCESS 
CONTROL SYSTEM 

RELATED APPLICATIONS 

This is a continuation-in-part of US. patent application 
Ser. No. 10/123,445, entitled “Web-Services Based Commu 
nications for Use With Process Control Systems,” ?led on 
Apr. 15, 2002, the entire disclosure of which is hereby 
expressly incorporated herein and is a continuation-in-part of 
US. patent application Ser. No. 09/953,811, entitled “Fusion 
of Process Performance Monitoring with Process Equipment 
Monitoring and Control” ?led on Sep. 17, 2001 now US. Pat. 
No. 7,206,646, the entire disclosure of which is hereby 
expressly incorporated by reference herein, which claims the 
bene?t under 35 U.S.C. §119(e) ofU.S. Provisional Applica 
tion Ser. No. 60/273,164, entitled “Asset Utilization Expert in 
a Process Control Plant” ?led Mar. 1, 2001, the entire disclo 
sure of which is hereby expressly incorporated by reference 
herein. Additionally, this application claims the bene?t of 
US. Provisional Patent Application No. 60/491,066 which 
was ?led on Jul. 30, 2003, the entire disclosure of which is 
hereby expressly incorporated by reference herein. 

TECHNICAL FIELD 

This invention relates generally to process control systems 
and, more particularly, to the use of economic calculations to 
facilitate and provide better control of a process or plant. 

DESCRIPTION OF THE RELATED ART 

Process control systems, like those used in chemical, petro 
leum or other processes, typically include one or more cen 

tralized process controllers communicatively coupled to at 
least one host or operator workstation and to one or more ?eld 

devices via analog, digital or combined analog/digital buses. 
The ?eld devices, which may be, for example valves, valve 
positioners, switches and transmitters (e.g., temperature, 
pressure and ?ow rate sensors), perform functions within the 
process such as opening or closing valves and measuring 
process parameters. The process controller receives signals 
indicative of process measurements made by the ?eld devices 
and/ or other information pertaining to the ?eld devices, uses 
this information to implement a control routine and then 
generates control signals which are sent over the buses or 
other communication lines to the ?eld devices to control the 
operation of the process. Information from the ?eld devices 
and the controllers may be made available to one or more 
applications executed by the operator workstation to enable 
an operator to perform desired functions with respect to the 
process, such as viewing the current state of the process, 
modifying the operation of the process, etc. 

Typically, a process control system operates within a busi 
ness enterprise that may include several process control 
plants, component and/or service suppliers and customers, all 
of which may be distributed throughout a large geographic 
area, or in some cases, throughout the world. The process 
control plants, suppliers and customers may communicate 
with each other using a variety of communication media and 
technologies or platforms such as, for example, the Internet, 
satellite links, ground-based wireless transmissions, tele 
phone lines, etc. Of course, the Internet has become a pre 
ferred communication platform for many business enter 
prises because the communications infrastructure is already 
established, making the communication infrastructure costs 
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2 
for an enterprise near zero, and the technologies used to 
communicate information via the Internet are well-under 

stood, stable, secure, etc. 
A process plant within an enterprise may include one or 

more process control systems as well as a number of other 
business-related or information technology systems, which 
are needed to support or maintain or which are used to effect 
the operation of the process plant. In general, the information 
technology systems within a process plant may include 
manufacturing execution systems such as, for example, a 
maintenance management system and may also include 
enterprise resource planning systems such as, for example, 
scheduling, accounting and procurement systems. Although 
these information technology systems may be physically 
located within or near a plant, in some cases a few or possibly 
all of these systems may be remotely located with respect to 
the plant and may communicate with the plant using the 
Internet or any other suitable communication link. 
Each process plant may also include user-interactive appli 

cations that may be executed on a server or workstation that is 
communicatively coupled to one or more servers, worksta 
tions, or other computers that coordinate or perform the 
activities of the process control system within the plant. Such 
user-interactive applications may perform campaign man 
agement functions, historical data management functions, 
asset management functions, batch management functions, 
diagnostics functions, etc. In addition, each of the process 
control systems within a plant may include process manage 
ment applications that may, for example, manage the com 
munications of and provide information relating to alarm 
and/ or other process events, provide information or data relat 
ing to the condition of the process or processes being per 
formed by the process plant, provide information or data 
relating to the condition or performance of equipment asso 
ciated with the process control plant, etc. In particular, pro 
cess management applications may include vibration moni 
toring applications, real-time optimization applications, 
expert system applications, predictive maintenance applica 
tions, control loop monitoring applications, or any other 
applications related to controlling, monitoring and/or main 
taining a process control system or plant. Still further, a pro 
cess plant or enterprise may include one or more communi 
cation applications that may be used to communicate 
information from the process control system or plant to a user 
via a variety of different communication media and plat 
forms. For example, these communication applications may 
include e-mail applications, paging applications, voice mes 
saging applications, ?le-based applications, etc., all of which 
may be adapted to send information via a wireless or hard 
wired media to a desktop computer, a laptop computer, a 
personal data assistant, a cellular phone or pager, or any other 
type of device or hardware platform. 

Despite the complex information technology systems now 
typically associated with process plants and the vast array of 
data associated therewith, the methods of controlling plants in 
order to optimize plant output have been typically based on 
the same principles, namely, increasing throughput of the 
plant within certain quality limits. While there is traditionally 
an attempt to run the plant optimally from a pro?t or eco 
nomic standpoint, it has been dif?cult to do so because the 
pro?t analysis has been performed using ?nancial and 
accounting information and other data that is, at best, back 
ward looking. For example pro?tability, costs, inventories, 
operating e?iciencies, waste, scrap, quality, and other indus 
trial management information is often reported in aggregate 
as much as two weeks to a month after the relevant perfor 
mance. As a result, this information is not available in a time 
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correlated manner or integrated with other measurements and 
analyses or external environmental, market factors or infor 
mation. Thus, current plant control methodology provides 
little or no support for on-line or up-to-the-minute process or 
business management and the concept of closed loop control 
and optimization of any part or aspect of the entities being 
managed is lacking. 

SUMMARY 

A process control system includes economic models dis 
posed in communication with process control modules, as 
well as with sources of economic data, and uses the economic 
models to determine useful economic parameters or informa 
tion associated with the actual operation of the process plant 
at the time the plant is operating. The economic models can be 
used to provide ?nancial statistics such as pro?tability, cost of 
manufactured product, etc. in real time based on the actual 
current operating state of the process and the business data 
associated with the ?nished product, raw materials, etc. These 
?nancial statistics can be used to drive alarms and alerts 
within the process network and be used as inputs to process 
plant optimizers, etc. to provide for better or more optimal 
control of the process and to provide a better understanding of 
the conditions which lead to maximum pro?tability of the 
plant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a process plant having a 
process control system, process equipment monitoring sys 
tem and business systems communicatively interconnected to 
provide for on-line ?nancial calculations and analysis within 
the plant; 

FIG. 2 is data ?ow diagram illustrating data ?ow within the 
plant of FIG. 1; 

FIG. 3 is a diagram of a plurality of data sources commu 
nicatively interconnected to a plurality of data users via a 
communication scheduler system; 

FIG. 4 is data ?ow diagram illustrating data ?ow within the 
system of FIG. 3; 

FIG. 5 is a functional block diagram illustrating one man 
ner in which business systems can be communicatively inter 
connected with process control and process monitoring sys 
tems to be used in providing on-line ?nancial calculations and 
analysis within a process plant; 

FIG. 6 is a ?rst example screen view provided by a diag 
nostics application within the process control system of FIG. 
1 illustrating the manner in which ?nancial or economic data 
may be used to provide process control diagnostic informa 
tion to a user; 

FIG. 7 is another example screen view that may be dis 
played to a user by one of the graphical user interfaces of the 
plant of FIG. 1 to provide the user with on-line ?nancial 
information to be used in controlling the process plant of FIG. 
1; 

FIG. 8 is an example screen view that may be displayed to 
a user by one of the graphical user interfaces of the plant of 
FIG. 1 to enable the user to alter or effect the operation of a 
plant using economic data generated about the process as 
currently running; and 

FIG. 9 is another example screen view that may be dis 
played to a user by one of the graphical user interfaces of the 
plant of FIG. 1 to view the optimal operating state of a plant 
using economic data generated about the process as currently 
running. 
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4 
DESCRIPTION 

Referring now to FIG. 1, a process control plant 10 
includes a number of business and other computer systems 
interconnected with a number of control and maintenance 
systems by one or more communication networks. The pro 
cess control plant 10 illustrated in FIG. 1 includes one or more 
process control systems 14 which may be, for example, dis 
tributed process control systems or any other desired type of 
process control systems. The process control system 14 
includes one or more operator interfaces 14A coupled to one 
or more distributed controllers 14B via a bus, such as an 

Ethernet bus. The controllers 14B may be, for example, 
DeltaVTM controllers sold by Emerson Process Management 
or any other desired type of controllers. The controllers 14B 
are connected via I/O devices to one or more ?eld devices 16, 
such as for example, HART or FOUNDATION Fieldbus ?eld 
devices or any other smart or non-smart ?eld devices includ 
ing, for example, those that use any of the PROFEBUS®, 
WORLDFIP®, Device-Net®, AS-Interface and CAN proto 
cols. As is known, the ?eld devices 16 may provide analog or 
digital information to the controllers 14B related to process 
variables as well as to other device information. The operator 
interfaces 14A may store and execute tools available to the 
process control operator for controlling the operation of the 
process including, for example, control optimizers, diagnos 
tic experts, neural networks, tuners, etc. 

Still further, maintenance systems, such as computers 
executing the AMS (Asset Management Solutions) system 
sold by Emerson Process Management or any other device or 
equipment monitoring and communication applications may 
be connected to the process control system 14 or to the indi 
vidual devices therein to perform maintenance and monitor 
ing activities. For example, maintenance applications such as 
the AMS application may be installed in and executed by one 
or more of the user interfaces 14A associated with the dis 
tributed process control system 14 to perform maintenance 
and monitoring functions, including data collection related to 
the operating status of the devices 16. Of course these main 
tenance applications may be implemented in other computers 
or interfaces within the process plant 10. 
The process control plant 10 also includes various rotating 

equipment 20, such as turbines, motors, etc. which are con 
nected to a maintenance computer 22 via a permanent or 
temporary communication link (such as a bus, a wireless 
communication system or hand held devices which are con 
nected to the equipment 20 to take readings and are then 
removed). The maintenance computer 22 may store and 
execute known monitoring and diagnostic applications 23 
provided by, for example, CSi Systems or any other known 
applications used to diagnose, monitor and optimize the oper 
ating state of the rotating equipment 20. Maintenance person 
nel usually use the applications 23 to maintain and oversee the 
performance of rotating equipment 20 in the plant 10, to 
determine problems with the rotating equipment 20 and to 
determine when and if the rotating equipment 20 must be 
repaired or replaced. In some cases, outside consultants or 
service organizations may temporarily acquire or measure 
data pertaining to the equipment 20 and use this data to 
perform analyses for the equipment 20 to detect problems, 
poor performance or other issues effecting the equipment 20. 
In these cases, the computers running the analyses may not be 
connected to the rest of the system 10 via any communication 
line or may be connected only temporarily. 

Similarly, a power generation and distribution system 24 
having power generating and distribution equipment 25 asso 
ciated with the plant 10 is connected via, for example, a bus, 
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to another computer 26 which runs and oversees the operation 
of the power generating and distribution equipment 25 within 
the plant 10. The computer 26 may execute known power 
control and diagnostics applications 27 such as those pro 
vided by, for example, Liebert and ASCO or other service 
companies to control and maintain the power generation and 
distribution equipment 25. Again, in many cases, outside 
consultants or service organizations may temporarily acquire 
or measure data pertaining to the equipment 25 and use this 
data to perform analyses for the equipment 25 to detect prob 
lems, poor performance or other issues effecting the equip 
ment 25. In these cases, the computers (such as the computer 
26) running the analyses may be connected to the rest of the 
system 10 via a communication line or may be connected only 
temporarily. 
As illustrated in FIG. 1, the plant 10 may also include 

business system computers and maintenance planning com 
puters 35 and 36, which may execute, for example, enterprise 
resource planning (ERP), material resource planning (MRP), 
process modeling for performance modeling, accounting, 
production and customer ordering systems, maintenance 
planning systems or any other desired business applications 
such as parts, supplies and raw material ordering applica 
tions, production scheduling applications, etc. A plantwide 
LAN 37, a corporate WAN 38 and a computer system 40 that 
enables remote monitoring of or communication with the 
plant 10 from remote locations may be connected to the 
business systems 35 and 36 via a communications bus 42. 
Of course, any other equipment and process control 

devices could be attached to or be part of the plant 10 and the 
system described herein is not limited to the equipment spe 
ci?cally illustrated in FIG. 1 but can, instead or in addition, 
include any other types of process control equipment or 
devices, business systems, data collection systems, etc. 
As illustrated in FIG. 1, a computer system 45 may be 

communicatively connected to the process control and/or 
maintenance interfaces 14A of the distributed process control 
system 14, the rotating equipment maintenance computer 22, 
the power generation and distribution computer 26, and the 
business systems all via the bus or other communication link 
45. The communication system or link 45 may use any 
desired or appropriate local area network (LAN) or wide area 
network (WAN) protocol to provide communications. Of 
course the computer system 45 could be connected to these 
different parts of the plant 10 via other communication links 
including ?xed or intermittent links, hard-wired or over-the 
air links or any physical medium such as one of wired, wire 
less, coaxial cable, telephone modem, ?ber optic, optical, 
meteor burst, satellite medium using one of a Fieldbus, IEEE 
802.3, blue tooth, X.25 or X.400 communication protocol, 
etc. 

In the past, the various process control systems 14 and the 
business systems 35, 36, etc., have not been interconnected 
with each other or with business systems in a manner that 
enables them to share data generated in or collected by each of 
these systems in a useful manner. As a result, the process 
control functions have operated on the assumptions that the 
most pro?table operating state of the plant is one which 
maximizes some variable, such as throughput. In some cases, 
systems have been operated on a pro?tability basis that was 
computed or calculated based on previously measured or 
acquired data, such as data that may be associated with pro 
cess operation weeks in the past, and not on data associated 
with the process as currently operating. 

To overcome this problem, certain pro?t or economic mod 
els are created and communicatively coupled to the process 
control network to perform on-line pro?tability analyses. The 
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6 
economic models automatically communicate with the pro 
cess control system to access and use process control data and 
are con?gured to automatically receive economic data per 
taining to the process control system from business systems 
or other data sources that, in the past, have not been made 
available to determine pro?tability of the process control 
system on an on-line basis. 
The economic models may be provided at any place within 

the process 10, but are illustrated in FIG. 1 as models 55 
within the user interface or other computer 14A of the process 
control system. Furthermore, a data communication system 
59, which is described in more detail herein, is provided in the 
computer 45 which may be any type of computer system, 
such as a server. The data communication system 59 is con 
?gured to receive ?nancial or other business or pro?t data 
from various sources of this data and to automatically provide 
that data to the economic models 55 within the process con 
trol computer 14A. The economic models 55, which may be 
stand alone models or models integrated in other applications, 
such as diagnostic or optimization applications, use this data, 
along with data from the process control system 14 to deter 
mine pro?tability of the plant 10 in an on-line manner. 

While the data communication system 59 is illustrated as 
being provided in the computer 45, it may be provided or 
implemented at numerous locations throughout the process 
network 10 to acquire and process data from any source of 
data such as the controller systems 14, the monitoring sys 
tems 22 and 26, the ?nancial systems 35, 36, etc. The data 
communication system 59 may also acquire data from various 
other sources of data, such as from PDAs or other hand-held 
devices or portable computers, from data historians or from 
any other electronic source of data, especially pro?t related 
data, such as that associated with the sales price of goods 
being manufactured, contract prices and quantities, costs 
associated with the manufacture of goods, such as the costs of 
raw materials, power (such as electricity, gas, coal, etc.), 
overhead costs, plant operating costs, etc. 

If the data communication system 59 is located in the 
computer 45, it may receive data from the disparate sources of 
data, such as the controllers, equipment monitoring and 
?nancial applications separately using different data formats, 
or using a common format. In one embodiment, the commu 
nications over the bus 42 occur using the XML protocol as 
discussed in more detail below. Here, data from each of the 
computers 14A, 22, 26, 35, 36, etc. is wrapped in an XML 
wrapper and is sent to an XML data server which may be 
located in, for example, the computer 45. Because XML is a 
descriptive language, the computer 45 can process any type of 
data. At the computer 45, if necessary, the data is encapsu 
lated and mapped to a new XML wrapper, i.e., this data is 
mapped from one XML schema to one or more other XML 
schemas which are created for each of the receiving applica 
tions. One method of providing this communication is 
described in co-pending U.S. application Ser. No. 09/902,201 
?led Jul. 10, 2001, entitled “Transactional Data Communica 
tions for Process Control Systems” which is assigned to the 
assignee of this application and which is hereby expressly 
incorporated by reference herein. With this system, each data 
originator can wrap its data using a schema understood or 
convenient for that device or application, and each receiving 
application can receive the data in a different schema used for 
or understood by the receiving application. The computer 45 
is con?gured to map one schema to another schema depend 
ing on the source and destination(s) of the data. If desired, the 
computer 45 may also perform certain data processing func 
tions or other functions based on the receipt of data. The 
mapping and processing function rules are set up and stored in 
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the computer 45 prior to operation of a suite of data integra 
tion applications described herein. In this manner, data may 
be sent from any one application to one or more other appli 
cations. 

Generally speaking, the goal of the system described 
herein is to be able to provide accurate and up-to-date pro?t or 
other economic calculations to provide better pro?t informa 
tion on which to make decisions when controlling the opera 
tion of the plant 10. These economic calculations combine 
process measurements with software components and busi 
ness transaction services to provide an on-line, real-time 
?nancial, accounting, and quality measurement system uti 
lizing data veri?cation, validation, reconciliation, archiving, 
alarm and support analyses, reports, displays, inquiry and 
search functions for the process. 
An assumption often made during the design of a control 

strategy is that maximum throughput equals maximum pro?t. 
Although this assumption is sometimes true, especially 
where the process is constrained by a speci?c piece of equip 
ment, it is not always true. To provide better economic infor 
mation, the system described herein may calculate pro?t 
based on all or most of the costs actually associated with the 
product being made at the current time. 

Referring now to FIG. 2, a data ?ow chart 65 illustrates the 
?ow of data to different entities within a system that enables 
economic calculations to be integrated into and used within a 
process control network to direct or control operation of the 
process control network. In particular, different data sources, 
including economic data sources 66 and process control data 
sources 68 collect and provide different types of data to a data 
manipulation module or block 70. The economic data sources 
66 may provide any types of economic data while the process 
control data sources 68 provide any type of typical process 
control data, such as device and controller data indicative of, 
for example, the state of the process control devices, units, 
loops, etc. as well as process parameters and any other data 
collected within the process control system. 

The data may be acquired online directly from process 
equipment, controllers, sensors, transmitters, laboratory 
equipment, analyzers, video equipment, imaging equipment, 
microphones and databases, such as market and commodity, 
feedstock, raw material database, and may be indicative of, 
for example, ?ows, temperatures, pressures, compositions 
and other variables measured or determined by process or 
equipment measurements or services. The economic data 
may be, for example, supply cost information, sales and sales 
price information, tax, duty, shipping and handling costs, etc., 
personnel status and location etc. as appropriate to the entity 
being managed. 

If desired, local archival storage of data may be used (e.g., 
within the data collector) to insure that data is not lost should 
communications or other system components fail or be 
unavailable for any reason. The data may also be compressed 
locally by the data collector using any desired data compres 
sion technique, such as swinging door or recursive wavelets 
exception transmission, data transformation, ?ltering etc. to 
reduce the required communication bandwidth and to 
increase the speed and responsiveness of the system while 
minimizing archival storage requirements. 

The data manipulation block 70, which is optional, may 
include one or more applications that massage the data from 
the various sources for different purposes. For example, the 
data manipulation block 70 may use neural networks or other 
modeling or estimation techniques to provide missing data, 
e.g., data that is either not present due to missing or malfunc 
tioning measurements, analyzers or instrumentation or mea 
surements that are inherently not directly measurable. While 
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indicated as being performed after data is collected, the data 
manipulation stage 70 may occur in part or in whole locally in 
transmitters, analyzers, intelligent equipment or other 
devices that measure or otherwise acquire the data. 
As illustrated in FIG. 2, after being processed, the data is 

provided to one or more models 72 which may perform dif 
ferent economic calculations on the economic and process 
data to provide information that may be provided to and used 
by one or more services or service applications 74 which are 
discussed in more detail hereinafter. The objective of the 
models 72 is to devise, for example, a measure that deter 
mines what percentage of the manufacturing and support 
resources is consumed by each shift/ day and/ or product. As a 
simple example, product runs need to be charged according to 
resources consumed at the time the product is run (not at the 
end of the month after costs are lumped and redistributed). 
Likewise, costs need to be transferred between un?nished and 
?nished products cost centers when products are complete or 
when products are sold as either un?nished or ?nished. 
Of course, there are many other factors to consider and to 

take into account when constructing models to accurately 
re?ect the economic state of the process. In fact, there are 
many factors effecting costs including, for example, material 
costs, equipment e?iciency, utilities costs (heating on gas, oil, 
recycled materials), etc. The models 72 can be used to provide 
or determine these ef?ciency numbers and the costs to be used 
as part of the process control system to monitor and alter the 
operation of the process to make the process more pro?table. 
Ideally, pro?t calculations need to include the price being 
paid for a particular customer order and the costs at the time 
of manufacture for the product run. 

There are, of course, potentially many different aspects in 
determining pro?t. For example, pro?t calculations require 
detailed knowledge about the price being paid by the cus 
tomer. If a manufacturing lot is tied to a customer order, then 
the pro?t may be computed from that sale price. If the pro 
duction is continuous, then the pro?t may be based on product 
price. Of course, each of the cost and pro?t calculations will 
vary depending on the circumstances and the nature of the 
product being manufactured, as well as the marketing and 
sales strategy being used. Generally speaking, however, the 
models 72 are constructed to calculate variability, operating 
constraints, energy and material balances to determine eco 
nomic, ?nancial, and equipment health performance on line 
for fast decision support, control or other uses. The models 72 
may also provide the pro?tability, cost and ?nancial return for 
each product, grade, campaign or batch run and, in doing so, 
may use total derivatives to estimate changes from a base 
value of critical cost or pro?t. This technique is applicable as 
an adjunct to direct computation of the desired variable when 
the errors of measurement or speed of measurement would 
degrade or slow the result. Such a total derivative methodol 
ogy allows fast and accurate computation of changes in the 
desired variable from the measured changes in the component 
variables. If desired, the models 72 may reconcile calcula 
tions to minimize closure errors (i.e., compare the calcula 
tions to actual pro?t realized and alter the calculations to 
minimize the error between the calculated pro?t and the 
actual pro?t). 

If desired, the models 72 may be coupled to a controller 
engine 76 which can provide intentional perturbations to 
elements or loops within the process control system for the 
purpose of verifying, validating and reconciling measure 
ments, analyzers, sensors, etc. as well as operating cost, prof 
itability, quality and equipment health data. In this manner, 
providing a known perturbation (with attendant known 
changes in pro?tability) can be used to test and determine if 
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one or more of the models 72 calculates the same or similar 
change in pro?tability, to determine how to reconcile pro?t 
ability measurements with the calculations made by the mod 
els 72. 

Additionally, if desired a data manipulation block 70 and 
one or more economic models 72 may be coupled together 
within a single process module 73, as illustrated in FIG. 2. 
While only one process module 73 is illustrated in FIG. 2, any 
number of different process modules could be created and run 
within the process plant, with each process module having 
different economic models therein and coupled to the same or 
different data sources 66 and 68. Likewise, each of the pro 
cess modules 73 may be stored in and executed on a processor 
in any desired location within the process plant, such as in a 
user interface, a controller or even a ?eld device. Generally 
speaking, process modules 73 are self contained or individual 
objects, such as objects in an object oriented programming 
language, that operate to perform the functions of data col 
lection and processing using the economic modules 72. If 
desired, the process modules 73 may communicate automati 
cally with the data sources 66 and 68 and with the services 74 
using pre-established communication links set up during con 
?guration of the process modules. Furthermore, the process 
modules 73 may be set up to be similar to other programming 
blocks executed in a user interface, a controller, etc. As a 
result, the process modules 73 may include modes, execution 
rates, alarms, etc. and may participate in span of control (e.g., 
be subject to security restrictions), etc. As the process mod 
ules 73 are individual units that can be executed in any con 
venient location within the process plant, they are easy to 
implement to perform the economic functions described 
herein. 

The services or service applications 74 may include any 
number of different applications that use the information or 
economic calculations produced by the models 72. For 
example, the service applications 74 may include one or more 
reporting applications 80 which may provide reports to users 
in any desired manner. The reports may take the form of real 
time spread sheets, allowing data to be analyzed, trended, 
plotted, logged and presented to a user to allow decision 
support based on current and historical information as well on 
derived measures such as costs, pro?tability, return on invest 
ment, equipment health, quality etc. The reports may com 
pare historical, current and forecasted relative equipment 
health, reliability, safety, quality, costs, pro?tability, through 
put, asset utilization, inventories, accounts receivable, 
accounts payable, days in cash cycle, return on assets, cash 
?ow and/or other parameters of the process control system 
entities being monitored with other entities, maintenance 
facilities, companies, processes, plant sites, units, etc. both 
for current conditions as well as forpast and forecasted future 
performance. If desired, these reports in the form of, for 
example, spreadsheets, can be embedded into runtime con 
trollers, devices, equipment and users can con?gure the 
spreadsheets in any manner currently performed in the art for 
generating reports. These report generation applications can 
then be run embedded in the real-time system to automati 
cally produce the desired reports. 

The service applications 74 may also include one or more 
forecasting applications 82 of any desired typed. Advanced 
forecasting techniques, such as ARIMA, moving window 
Fourier or other data transformation methodologies, statisti 
cal trending, calculation of future response based on prior 
actions, current measurement values and real-time models 
(such as process models) may be used to compute future 
values of any of the measurements, compositions, healthy 
data, costs, pro?tability etc. This forecasted future data may 
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be provided to controllers, alarming applications, etc. to 
enable anticipatory alarming, control, emergency response 
etc. not allowed by current methods or systems. 

Still further, one or more diagnostic applications may be 
provided to perform diagnostic procedures using economic 
data in a manner that provides a more complete diagnostic 
analysis. In one example, a diagnostic application may access 
dynamic parameters associated with function blocks or other 
control blocks within the control system, such as DeltaV and 
Fieldbus function blocks, and provide high speed analysis on 
this data. In this application, a selected number of parameters 
may be accessed during or after each execution cycle of a 
control module or function block. The diagnostic application 
may trend these values or analyze these values using any 
desired power spectrum, correlation and statistical tech 
niques. Also, the diagnostic application may allow the user to 
directly access other diagnostic data provided by other diag 
nostic applications, such as the AMS diagnostics. For control 
blocks, the diagnostic application may provide access to diag 
nostic data associated with, for example, tuning applications, 
etc. 

Of course, the diagnostic application may provide addi 
tional analysis tools such as those that perform power spec 
trum, cross correlation, and auto correlation on any desired 
variables. The diagnostic application may still further direct 
the customer to the appropriate solution, such to one or more 
tuning applications, etc, may utilize high-speed data provided 
by Fieldbus trend objects or virtual trend objects based on 
traditional input/output (I/O) in the controller, may collect 
trend information on-demand or perform any other desired 
procedures. 

If desired, the diagnostic applications may support con 
tinuous monitoring and detection of abnormal conditions that 
may exist in control blocks and input/output blocks or other 
blocks within the process control system. Such a diagnostic 
application is described and illustrated in US. Pat. No. 6,298, 
454, which is hereby expressly incorporated by reference 
herein. Using this technique, it is possible to identify blocks 
that contain one or more abnormal conditions for more than a 

speci?ed percent of time. In addition, the I/O or control 
blocks that exhibit high variability may be identi?ed. 

In general, this application may include tools to allow a 
user to quantify the cost of process variability based on, for 
example, total and capability standard deviations, user 
de?ned limits and the cost of the product. The application 
may also generate pre-de?ned reports that may be directly 
used by a user to justify improving control. As described in 
US. Pat. No. 6,298,454, this tool can include a status param 
eter that allows detection of abnormal conditions to be sus 
pended such as when the module is not being used, to prevent 
false alarms from being generated when a process is off-line, 
in startup, etc. This tool may also allow plant performance 
and utilization to be saved by a data historian to support 
charting or plotting by the month, year, etc., with this data 
being available by plant area, process cell or other logical 
entity. This diagnostic application may, of course, provide 
prede?ned reports that summarize and detail bad conditions, 
provide dynamos to allow conditions and economic calcula 
tions for a unit or other entity to be easily summarized at an 
operator screen and to provide context sensitive help for 
process analysis. 

Still further, the service applications 74 of FIG. 2 may 
include one or more control or advanced control applications. 
For example, a multivariable control application, such as an 
MPC application, may use the collected historical and/or 
current and/or forecast data, including economic data, to 
determine advanced pro?t and/or cost control for the multi 
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variable control situation. Likewise, one or more known types 
of optimizers may use the determined economic data to per 
form on line optimization of cost, pro?t, quality, availability, 
safety, throughput, etc. Such an optimizer may use data mea 
sured from and indicative of the actual real process, product, 
equipment, machinery, plant, unit operation, area, enterprise, 
materials, feed stock, intermediates, entities or parts or aggre 
gations thereof or use simulations of some are all of these 
entities or both to perform optimization. 

The advanced control applications may also include a 
scheduler application that uses one or more of on-line histori 
cal, current and forecasted data in conjunction with one or 
more of equipment status, order status, economic data, envi 
ronmental data, regulatory data, market data, competitive 
data, etc. to select and/or schedule the products or grades to be 
manufactured, the maintenance to be performed, or the equip 
ment or the arrangement of equipment to be used to manu 
facture a product most economically. 

The service applications 74 may also include an alann/ alert 
application that may be used to provide alarms or alerts based 
on the output of the models 72. In particular, the alann/ alert 
application may compare certain economic variables, such a 
pro?tability, etc. with ?xed or preset ranges or values and 
provide an alarm or alert if the pro?tability or other economic 
variable falls outside of the range or below or above the preset 
value. These alarms (or alerts) may be sent to any desired user 
in any desired manner, such as wirelessly, via the process 
control communication network, the business network, a 
pager network, e-mail, etc. As part of this process, a diagnos 
tic application may include an agent that recommends 
advanced control tools that should be used to address prob 
lems areas. Still further, the alarm or alert application may 
allow a user to assign different priorities to measurements or 
control blocks. In this case, an alert, mail message or pager 
noti?cation can be issued when an abnormal condition is 
detected in a block in an active unit with the priority set by the 
user or based on the priority set by the user. 

While not speci?cally illustrated in FIG. 2, the data sources 
66, the data manipulation block 70, the models 72 and the 
service applications 74 may be con?gured to communicate 
with one another in any desired manner using any desired 
communication infrastructure to determine the process, plant, 
unit operation, area, product, grade, run, pro?tability, cost, 
return on invested capital and other measures. Generally 
speaking, the data and/or results may be transmitted via 
wired, wireless, ?ber optic, optical, or other means for 
archiving, aggregation, presentation, analysis, decision sup 
port, control or other use. If desired, a global positioning 
system (GPS) or other on-line physical location determina 
tion structure may be used to provide position as a system 
input for calculation and control as well for enabling support 
of mobile measurement and analytical components. If 
desired, the sensors used to collect data may be analyzers, 
imaging devices, etc. may be non-contacting or remote in 
nature. Still further, data and information transfers may be 
protected by error detection, correction codes or other meth 
ods such as BCH, redundant transmission, n-level ?re coding, 
etc. Data may also be encrypted using any desired or appro 
priate method in acquisition, transmission, storage or use. 
Furthermore, data collection or other data manipulation enti 
ties, such as the models 72 and the service applications 74 
may be distributed between multiple physical locations if so 
desired. 

While FIG. 2 illustrates the different elements of the com 
bined economic and process control system, the entire func 
tionality may be provided as a service rather than as a pur 
chased system. In this case, a customer would purchase a 
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service that would install the appropriate or desired models 
and services within a process plant and operate them to pro 
vide integrated economic data with process control data for 
any of the uses described above. This service would allow 
broader systems to be used by clients andusers who otherwise 
would not be able to afford or support such a system. The 
service could, of course, be billed on a metered usage basis 
and the, if desired, the equipment and/ or its installation, com 
missioning, operation and maintenance may be provided on a 
lease, rental or usage basis. Still further, as part of this service, 
an on-line consulting service may be provided where the data 
for a process system is provided to a consultant, who runs the 
models and services (e.g., analysis tools and expert systems) 
and provides on-line or off-line consulting and/ or contracting 
services that address performance and performance issues 
within the process plant. 

Referring now to FIG. 3, a web services-based communi 
cation system that may be used to facilitate the communica 
tion and viewing of information associated with the process 
control system or plant, including business or ?nancial infor 
mation, is illustrated in a logical format. This web-services 
based communication system may be, for example, located 
within the computer or server 45 of FIG. 1 and be used to 
obtain information from the ?nancial or business systems and 
provide this information to the models 72 of FIG. 2 (which 
may be within, for example the process control system 14 of 
FIG. 1). Of course, the web-services based communication 
system, the models 72 and the service applications 74 may be 
located in any other desired part(s) of the plant 10. 
More speci?cally, the web services-based communication 

system and technique described herein includes a communi 
cations engine that performs message routing, scheduling and 
con?guration functions for a plurality of clients or web-ser 
vices and, for this particular purpose, for providing on-line or 
up-to-date ?nancial or pro?t data to the process control sys 
tem 14 of FIG. 1 for use in computing or calculating the 
current pro?tability of the process plant and for use in chang 
ing the operation of the plant to be more pro?table. 
The web services-based communication system and tech 

nique described herein may include a graphical user interface 
that enables one or more users to con?gure and/or add web 
services to the system and to create a highly personalized 
pro?le that causes the communications engine to route 
selected process control information and other information to 
be displayed to the user via the graphical user interface in a 
manner desired by the user. This feature enables a multitude 
of different pro?tability data associated with different plant 
environments to be provided to the process control system for 
on-line pro?tability purposes. 

In any event, the web services, the communications engine 
and the graphical user interface may communicate with one 
another via a network such as, for example, the Internet using 
an extensible markup language (e.g., XML) or any other 
similar language that enables applications, services and/or 
systems to communicate with one another without requiring 
the development of custom communication interfaces or driv 
ers. 

Generally speaking, the web-services described herein 
may include data services or sources, which may be business 
systems, that collect and store data needed to make current 
pro?tability analyses and data subscribers or consumers 
which may be, for example, applications implemented in the 
process control or process maintenance systems, to perform 
on-line pro?tability calculations. On the other hand, the data 
services or sources may be process control systems or appli 
cations, asset management systems or applications, equip 
ment condition monitoring systems or applications, diagnos 
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tic systems or applications, or any other system or application 
that acquires or generates information or data associated with 
the operation of a process control system or plant as well as 
business systems or ?nancial data sources. Likewise, the data 
subscribers or consumers may include user-interactive appli 
cations such as, for example, diagnostic applications, control 
optimization applications, reporting systems including pag 
ing systems or applications, e-mail systems or applications, 
?le generation systems or applications, etc. 
As will be understood, each of the data services and data 

consumers may be an application or system that includes a 
web services interface. As is well known, a web services 
interface may use an extensible markup language such as 
XML in conjunction with a messaging protocol such as, for 
example, simple object access protocol (SOAP) and a com 
munications transport protocol such as, for example, hyper 
text transport protocol (HTTP). Because web services are 
somewhat generic in nature (i.e., the behavior or characteris 
tics of the communications via a web server interface are 
independent of any underlying application or system), data 
services and data consumers can be easily connected to (i.e., 
communicate with) the communications engine without hav 
ing to create any custom communication interfaces, as typi 
cally was the case with prior systems. Additionally, the com 
munications engine may be easily adapted to discover or ?nd 
(either automatically or at the direction of a user) web ser 
vices that are available for connection to the communications 
engine. For example, the communications engine may use a 
web services discovery tool or service such as, for example, 
universal discovery description and integration (UDDI), or 
any other type of web services discovery tool or service to 
identify available web services. 

Still further, the web services-based communication sys 
tem and technique described herein provides a system archi 
tecture that results in ef?cient and robust data collection, data 
analysis and data communication. In particular, the commu 
nications engine may request data from the data services as it 
is needed by the communications engine. Alternatively, one 
or more of the data services may be con?gured to asynchro 
nously notify the communications engine as new data or 
information becomes available. In either case, ef?cient use of 
communications resources (e.g., communication links, pro 
cessing capacity within the communications engine, etc.) 
may be achieved by the system and technique described 
herein. In particular, only newly available and/or data needed 
by the communications engine is conveyed between the vari 
ous data services and the communications engine, as opposed 
to collecting all available data from the data sources regard 
less of whether the data was needed, as was the case with prior 
systems. 

Further, with the web services-based communication sys 
tem and technique described herein, the data services may 
perform complex analyses and may communicate analysis 
results (in addition to raw data, if desired) to the communi 
cations engine and, in turn, to the graphical user interface 
and/ or other data consumers. Thus, because the web services 
based communication system and technique described herein 
is adapted to transmit only requested and/or newly available 
data and, if desired, only analysis results (as opposed to all 
data required to perform the analysis at a central location such 
as the communications engine or the graphical user interface 
application), the web services-based communication system 
and technique described herein facilitates highly ef?cient use 
of available communication network bandwidth. 

The web services-based communication system and tech 
nique described herein also provides a high degree of data 
robustness. In particular, each of the web services may be 
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responsible for data backup, storage of data history, etc. As a 
result, a communications and/or power failure at the commu 
nications engine and/or the graphical user interface will not 
result in the catastrophic loss of data, and recovery of the 
system can be quickly and easily accomplished upon resto 
ration of power and/or communications to the communica 
tions engine and/or the graphical user interface. Likewise, 
failure of a particular web service will not result in a cata 
strophic failure of the entire system, and when the failed web 
service recovers, the system can easily begin communicating 
with that web service without having to be recon?gured, 
restarted, etc. 

FIG. 3 illustrates a functional block diagram that generally 
depicts an example of a web services-based communication 
system 100 that may be used with a process control plant or 
system such as that of FIG. 1. As shown in FIG. 3, the system 
100 includes a plurality of data services 102-106, a plurality 
of data consumers 108-112, an information server 114, a 
graphical user interface 116 and a discovery service 118, all 
of which may be communicatively coupled to the same or 
different networks 120. In general, the data services 102-106 
are systems or applications that perform data collection, gen 
eration and/or analysis activities. The data services 102-106 
may be, for example, process management applications, busi 
ness applications, ?nancial or accounting services or data 
bases, or other types of applications or databases associated 
with a process control system or plant that are performed by 
one or more servers or other computers within the process 

control system or plant. Of course, the data services 102-106 
may correspond to a single process control system or plant or 
may correspond to more than one process control system or 
plant. 

Each of the data services 102-106 may include ?eld 
devices, controllers, workstations, etc. that are communica 
tively coupled via one or more communication networks and/ 
or other types of communication links. If desired or neces 
sary, each of the data services 102-106 may perform process 
control activities such as, for example, execution of control 
loops, may perform diagnostic activities, may perform asset 
management activities, etc. for a collection of equipment or 
devices associated with a particular process plant or portion 
of a process plant. Further, each of the data services 102-106 
may also perform data historian functions, may include 
redundant or failsafe devices, may perform data analysis 
activities, all of which are generally well known in the art and, 
thus, are not described in greater detail herein. Still further, 
and for the purposes discussed herein, the data services 102 
106 may include computers or other data acquisition devices 
of any type that collect, store, generate, etc. ?nancial data 
needed to make pro?t determinations within a process plant. 

Preferably, the data services 102-106 include respective 
web services communication interfaces 122-126, which 
enable the data services 102-106 to communicate within the 
system 100 as web services when connected to the network 
120. The web services communication interfaces 122-126 
may be implemented using XML messages that have been 
formatted using SOAP, or any other desired message proto 
col, and which have been encapsulated for transmission using 
a network transport protocol such as, for example, HTTP. 

In general, the data consumers 108-112 are systems or 
applications that perform activities or functions that consume 
process control data and/ or which convey data or information 
provided by the data services 102-106 to system users or 
operators. In this instance, the data consumers 108-112 may 
be the models 72 of FIG. 2. One or more of the data consumers 
108-112 may perform primarily communication functions 
that can route data or information to system users or operators 
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using a particular communication media and platform. For 
example, data may be delivered by one or more of the data 
consumers 108-112 using hardwired or wireless media and 
using any desired system or hardware platform such as, for 
example, a laptop, a personal data assistant, email, etc. Alter 
natively or additionally, one or more of the data consumers 
108-112 may perform primarily user-interactive activities 
such as, for example, batch de?nition and campaign manage 
ment activities and/or may perform other primarily business 
related activities such as, for example, order processing 
activities, accounting activities, product shipping and admin 
istration activities, product inventory control activities, qual 
ity assurance activities, procurement activities, etc. As with 
the data services 102-106, the data consumers 108-112 also 
include respective web services communication interfaces 
128-132, which enable the data consumers 108-112 to com 
municate as web services within the system 100. 
As illustrated in FIG. 3, the information server 114 

includes a scheduler 134, a router 136 and a database 138, 
which collectively function as a communications engine 140 
that performs message routing and scheduling activities as 
well as system con?guration activities, as described in greater 
detail below. The communications engine 140 may establish 
a plurality of data service connections 142-146, each of which 
corresponds to one of the data services 102-106, and may 
similarly establish a plurality of data consumer connections 
148-152 that correspond to the data consumers 108-112. The 
communications engine 140 may dynamically establish the 
connections 142-152 as they are needed to communicate with 
the data services 102-106 andthe data consumers 108-112 via 
their respective web services interfaces 122-126 and 128 
132. 

In general, the router 136 performs message routing func 
tions that receive messages from one or more of the web 
services, which includes the data services 102-106 and the 
data consumers 108-112, coupled to the network 120 via the 
connections 142-152 and route these received messages to 
appropriate destinations, which may be any of the web ser 
vices (e.g., the data services 102-106 and data consumers 
108-112) coupled to the network 120. More speci?cally, the 
router 136 may function in a manner similar or identical to an 
XML transaction server. The router 136 may use input and 
output schemas in conjunction with business rules, data 
manipulations, etc., all of which may be stored in and 
retrieved from the database 138, or which may be provided by 
another one of the web services coupled to the network 120, 
to route XML messages received from one or more of the web 
services coupled to the network 120 to another one or other 
ones of the web services. 
By way of example, the data service 102 may generate 

alarm or alert information that needs to be conveyed to the 
data consumer 112, which may be a communication system 
or application such as an e-mail system or application. When 
the alert or alarm information is generated, the data service 
102 uses its web services interface 122 to wrap the alert or 
alarm information in an XML schema to form an XML mes 
sage, encapsulates the XML message using HTTP and sends 
the XML message to the network 120. The network 120 uses 
the HTTP encapsulation to route the XML message, using 
known techniques, to an appropriate one of the data service 
connections 142-146 available within the information server 
114. The communications engine 140 receives the XML mes 
sage from the one of the data service connections 142-146 
that received the XML message and the router 136 uses an 
appropriate input schema (retrieved from the database 138) to 
decode the XML message. The router 136 may then, based on 
the content of the decoded message and one or more rules 
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and/or data manipulations, map the contents (or a portion of 
the contents) of the message to an appropriate output schema 
associated with the destination (i.e., the data consumer 112), 
which may also be retrieved from the database 138. The 
router 136 may then encapsulate the mapped alarm or alert 
message (which is also an XML message) using HTTP and 
may send the encapsulated message to the data consumer 112 
via the one of the data consumer connections 148-152 asso 
ciated with the data consumer 112 and the network 120 to the 
data consumer 112. The data consumer 112 then receives the 
alert or alarm information via its web services interface 132 
and may generate an e-mail message that conveys the alert or 
alarm information to one or more designated or applications. 

Thus, the router 136 is adapted to process messages, which 
are preferably, but not necessarily, expressed using XML or 
some other extensible markup language, received from a plu 
rality of web services such as, for example, data services, via 
a communications network and routes or sends these mes 
sages to other web services that are also coupled to the com 
munications network. Because all of the data generation and 
data consuming applications or systems that make up the 
system 100 are con?gured to communicate as web services, 
the information server 114 and, more particularly, the com 
munications engine 140, can dynamically establish commu 
nications with any of the data generation or consuming appli 
cations or systems by adding or removing connections (e.g., 
the connections 142-152) without having to generate any 
custom communication interfaces or drivers and without hav 
ing to halt the operations of the communications engine 140 
(i.e., connections to applications can be established without 
disturbing communications between already connected web 
services and the communications engine 140). To the con 
trary, because each of the data services 102-106 and each of 
the data consumers 108-112 includes a web services interface 
and because the communications engine 140 is adapted to 
communicate with web services, it is not necessary for the 
information server 114 or for any of the web services coupled 
to the network 120 to have any detailed knowledge about the 
operation of the systems or applications being performed by 
any of the other web services to enable information to be 
exchanged between the web services via the information 
server 114. 

In general, the scheduler 134 performs scheduling func 
tions that enable the communications engine 140 to periodi 
cally request information from one or more of the data ser 
vices 102-106. More speci?cally, the scheduler 134 may 
establish periodic requests for information or data from one 
or more of the data services 102-106, particularly where the 
information requested is of a type that would not generate an 
event. For example, if one of the data consumers 108-112 
periodically needs information or data such as costs or prices 
associated with raw materials or ?nished products from one 
of the data services 102-106, the scheduler 136 may be con 
?gured to periodically send messages requesting this data to 
the one or ones the data services 102-106 which may store or 
have access to this data. The one or ones of the data services 
1 02-106 receiving the request may subsequently send the data 
to the information server 114 in the form of an HTTP encap 
sulated XML message, which may then be routed by the 
router 136 to the appropriate ones of the data consumers 
108-112, such a one of the models 72, via the network 120. 
The discovery service 118 may also include a web services 

interface 154 that enables the discovery service 118 to com 
municate with the information server 114, the data services 
102-106 and/ or the data consumers 108-112, as desired. The 
discovery service 118 may be a web services directory or 
registry service such as, for example, UDDI or any other 
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similar or different web services directory or registry. As is 
well known, UDDI enables a web service to discover and 
obtain interface and/or communications information about 
another web service, which may then be used by the discov 
ering web service or server to automatically establish com 
munications with the discovered web service. 

The system 100 may use the discovery service 118 to 
automatically or dynamically establish communications 
between the information server 114, the data services 102 
106 and the data consumers 108-112, without requiring inter 
vention from a system user or operator, a programmer, etc. By 
way of example only, at initial start-up or power-up of the 
system 100 the information server 114 and, in particular the 
communications engine 140, may communicate with the dis 
covery service 118 to determine what web services are 
coupled to the network 120 and available for use by the 
system 100. The communications engine 140 may store avail 
able web services and communications interface information 
pertaining to available web services in the database 138. The 
information related to available web services may then be 
automatically and periodically updated by the communica 
tions engine 140 so that if a web service becomes unavailable, 
becomes available, and/ or if communications interface infor 
mation relating to any available web service changes, such 
information may be re?ected in the database 138 for use by 
the communications engine 140 in routing and scheduling 
communications. 

Each of the web services that is discovered, licensed (if 
required) and coupled to the information server via the net 
work 120, may have a unique service identi?er (SID) associ 
ated therewith. In this manner, the communications engine 
140 may store communications interface information and 
other information pertaining to each of the available web 
services in a table or any other data structure within the 
database 138. The table or other data structure may subse 
quently be used by the router 136 and the scheduler 134 to 
route messages received from particular services and to 
schedule information requests from particular services. 
The graphical user interface 116 performs functions that 

enable a system user or operator to selectively view informa 
tion provided by the data services 102-106 and/or the data 
consumers 108-112, to con?gure communications (e.g., to 
schedule information requests, establish routings, etc.) within 
the system 100 and/or to generally interact with applications 
or services that are communicatively coupled to the network 
120 via the information server 114. The type of information 
presented by the graphical user interface 116 and the manner 
in which information may be presented by the graphical user 
interface 116, may vary from user to user based on pro?les 
that are de?ned by the users and stored in the database 138. By 
way of example, a user may initially interact with the system 
100 via the graphical user interface 116 to de?ne a pro?le and 
the information or content that the user wants displayed. A 
particular user’s pro?le may include information associated 
with the user’s organizational role (e.g., manager, engineer, 
executive, etc.), the hours that the user works (e.g., the user’ s 
shift), the personal preferences of the user, the manners and 
times in which the user may be contacted off-site or on-site, 
etc. Additionally, the user pro?le information may be sent by 
the graphical user interface 116 to the information server 114, 
which may store the user pro?le information in the database 
138. 

In addition to user pro?le information, con?guration infor 
mation associated with each user may also be stored in the 
database 138. A user may interact with the graphical user 
interface 116 to establish the manner in which the user wants 
to view information from the data services 102-106 and the 
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data consumers 108-112, the manner in which the user wants 
information to be conveyed between the various web services 
coupled to the network 120, etc. To store con?guration infor 
mation for each user, a table may be generated in the database 
138 so that each user is assigned a unique identi?er or a user 
ID (UID) and a user’s desired con?guration for each of the 
available web services is stored along with the UID and the 
SIDs of the services. 
By way of example, when a user logs into the graphical 

user interface 116, they may be authenticated using their 
usemame and password. In turn, the username and password 
information may be used to create or may be associated with 
a security identi?er (e. g., the UID). The graphical user inter 
face 116 may send the UID for that user to the information 
server 114, which will then retrieve the pro?le and con?gu 
ration information associated with that UID from the data 
base 138. The pro?le and con?guration information may then 
be used by the communications engine 140 to establish the 
manner in which messages will be routed, the manner in 
which the scheduler 134 requests information from the data 
services 102-106, the type and manner in which information 
will be displayed by the graphical user interface 116, etc. 
while that user (or at least that user’s UID) remains in control 
of the graphical user interface 116. 

While the graphical user interface 116 (and the software 
application or applications associated therewith) is depicted 
in FIG. 3 as being performed within a separate system, server, 
workstation or computer, the graphical user interface 116 
may instead be instantiated within the information server 1 14 
or any other server or computer system coupled the network 
120, if desired. Of course, additional graphical user interfaces 
similar or identical to the graphical user interface 116 may be 
coupled to the network 120, thereby enabling multiple users 
to interact with the system 100 at the same time or at different 
times. Furthermore, it should be recognized that while the 
exemplary system shown in FIG. 2 depicts the network 120 as 
a single network such as, for example, the Internet, that links 
all of the components of the system 100, a variety of other 
network structures may be used instead. For example, some 
or all of the data services 102-106 may be communicatively 
coupled to the information sever 1 14 via an Ethernet network, 
while some or all of the data consumers 108-112 may be 
communicatively coupled to the information server 114 via 
another separate network, which may be based on Ethernet or 
some other protocol or standard. Of course, the web services 
and other components (e.g., the graphical user interface 116) 
communicating with the information server 114 may com 
municate using any desired combination of network types 
(e.g., Ethernet, Internet, etc.) using any combination of hard 
wired and wireless communication media. 

FIG. 4 is an exemplary block diagram 200 of one manner in 
which the web services-based communication system 100 
shown in FIG. 3 may be adapted for use with a process control 
plant or system. The exemplary system 200 shown in FIG. 4 
includes the information server 114, the graphical user inter 
face 116, the discovery service 118 and the network 120 that 
are shown in FIG. 3. However, the system 200 includes types 
of web services that would typically be associated with a 
process control plant or system. As shown in FIG. 4, the 
system 200 may include an asset management web service 
202, an advanced control and condition monitoring web ser 
vice 204, a business or ?nancial information web service 205, 
and a diagnostics web service 206. Each of the web services 
202-206 may correspond generally to the data services 102 
106 shown in FIG. 3. Additionally, each of the services 202 
206 may include an application or applications that are 
executed by different servers, workstations or other computer 
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systems within a particular process control plant or system. 
For example, the asset management web service 202 may 
include a server that is performing one or more asset man 

agement software applications for a particularprocess control 
plant. These asset management applications may perform 
process optimization activities that seek to maximize plant 
pro?tability based on a wide range of information, including, 
for example, process control parameters, maintenance infor 
mation, business information, etc. The advanced control and 
condition monitoring web service 204 may perform alarm or 
alert functions, process condition monitoring functions such 
as, for example, loop monitoring functions, real-time optimi 
zation functions, expert system functions, etc. and equipment 
condition monitoring functions such as, for example, vibra 
tion monitoring functions, predictive maintenance functions, 
etc. The business or ?nancial information service 205 may 
include applications that perform scheduling, purchasing, 
cost accounting, storage of costs, prices, sales, etc. while the 
diagnostics service 206 may include applications that per 
form any desired types of diagnostics. In any event, the web 
services 202-206 may be characterized as data services 
because they include applications that acquire data and/or 
perform data analysis activities that generate analysis or 
results data. 

The system 200 shown in FIG. 4 also includes a plurality of 
web services that may be characterized as data consumers. 
For example, the system 200 includes an e-mail web service 
208, a paging web service 210, a computerized maintenance 
management system (CMMS) web service 212, a personal 
data assistant web service 214, a ?le system web service 216, 
a campaign management web service 218, a diagnostics web 
service 220, an optimizer web service 221, etc. The e-mail 
web service 208 may be adapted to generate email messages 
based on messages received from one or more data services 

such as, for example, the asset management web service 202, 
the advanced control and condition monitoring web service 
204 and the diagnostics web service 208. The e-mail web 
service 208 may send these e-mail messages to, for example, 
one or more user interfaces, which may be identical or similar 
to the graphical user interface 116, and/ or to some other 
computer system accessible by users. In a similar manner, the 
paging web service 210 may receive messages containing, for 
example, alarm or alert information from another web service 
within the system 200 via the information server 114 and the 
network 120 and may convey information relating to the 
alarm or alert to one or more pagers associated with one or 

more users (e. g., maintenance personnel, technicians, etc.) or 
other persons associated with the system 200. If desired, the 
models 72 of FIG. 2 may be incorporated into the data con 
sumer web services, such as within the diagnostics applica 
tions 220, the e-mail noti?cation applications 208, the cam 
paign management applications 218, the optimizer 
applications 221, etc. 

The personal data assistant web service 214 may receive 
messages containing information from data sources such as 
the web services 202-206 and may convey information con 
tained in these messages to one or more personal data assis 
tant computers, each of which may be carried or operated by 
a different person or user. In this manner, a system user may, 
if desired, con?gure the system 200 to send selected detailed 
information about the operation of a process control plant or 
system including, for example, diagnostic information, pro?t 
information, cost information, advanced control and condi 
tion monitoring information, asset management information, 
or any other information to their personal data assistant com 
puter. 
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The ?le system web service 216 may receive messages 

containing process control data, diagnostic data, pro?t or 
economic data, etc. from one or more of the web services 
202-206 via the information server 114 and the network 120 
and may store the information contained therein in one or 
more data ?les, which may subsequently be accessed, trans 
mitted, printed, displayed, etc. 
The CMMS web service 212, the campaign management 

web service 218, the diagnostics web service 220 and the 
optimizer web service 221 may be characterized as user 
interactive applications or services. The CMMS web service 
212 may, for example, enable users to con?gure the type of 
and the manner in which alert or alarm information should be 
conveyed to them. Additionally, the CMMS web service 212 
may perform functions that generate work orders (either in 
electronic or paper form) that may be printed or displayed at 
a central location such as, for example, a maintenance depart 
ment within a process plant, that may be conveyed directly to 
the persons responsible for responding to the work orders, etc. 
Still further, the CMMS web service 212 may generate orders 
for replacement parts that may be needed to repair or other 
wise maintain a process control plant associated with the 
system 200. The part orders generated by the CMMS web 
service 212 may, in turn, be sent in the form of HTTP encap 
sulated XML messages to a business system such as, for 
example, a procurement system (not shown) that is commu 
nicatively coupled to the network 120. 
The campaign management web service 218 may include 

any desired campaign management application or applica 
tions that are used to de?ne and manage the execution of one 
or more batch processes within a process control plant. The 
diagnostics web service 220 may include one or more appli 
cations that function to perform diagnostics within the pro 
cess control system using pro?t data or pro?t calculations 
obtained on-line within the process plant from, for example, 
one or more business data systems. The optimizer web service 
221 includes one or more optimizer applications used to 
optimize the control of the process plant based on particular 
constraints and optimized variables, which may be pro?t 
related variables in this case. Both the campaign management 
applications and optimizer applications are well known and, 
thus, are not described in greater detail herein. 

It is important to recognize that data or information typi 
cally ?ows from web services such as the asset management 
web service 202, the advanced control and condition moni 
toring web service 204 and the business or ?nancial informa 
tion web service 205, all of which typically acquire data, 
analyze data and generate analysis results data, to primarily 
data consuming web services such as, for example, the e-mail 
web service 208, the paging web service 210, the CMMS web 
service 212, the personal data assistant web service 214, the 
?le system web service 216, the campaign management web 
service 218, the diagnostic web service 220 and the optimizer 
web service 221. However, any one of the web services 202 
221, the discovery service 118 and the graphical user inter 
face 116 may send messages or exchange information with 
one or more of the other web services 202-221, the discovery 
service 118 and the graphical user interface 116 via the net 
work 120 and the information server 114. 

In operation, the system 200 may initially not have knowl 
edge of any of the web services 202-221, may not have any 
user con?gurations or pro?les stored within the information 
server 114 and, thus, may not initially route any messages 
from any of the data sources (i.e., the web services 202-206) 
to any of the data consumers (i.e., the web services 208-221). 
The information server 114 may then use the discovery ser 
vice 118 to discover each of the available web services 202 
















